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ABSTRACT

The climate and hydrology modeling communities have
developed increasingly sophisticated parameterizations of
the interaction between the land surface and the atmo-
sphere in so-called soil-vegetation-atmosphere transfer
schemes (SVAT’s).  These process descriptions require an
understanding of the surface and subsurface nature of the
soil environment.  Soil moisture is the key state variable con-
trolling the partitioning of atmospheric heat and moisture
forcing at the land surface.  Knowledge of the amount and
location of water in the soil is required across a range of
space and time scales to determine water and energy bal-
ances. A prerequisite for correctly modeling soil moisture is a
knowledge of soil physical and hydraulic properties.  The
development of the North American Multi-Layer Soil  Char-
acteristics Dataset (NOAM-SOIL) Project began in 1998 by
the Penn State Earth System Science Center and the USDA-
Natural Resources Conservation Service, and is slated for
completion in 2001 (Figure 1).

NOAM-SOIL is the natural continental extension of CONUS-
SOIL, a value added version of the USDA State Soil Geo-
graphic Data Base (STATSGO) for the lower 48 states, previ-
ously published by Penn State (http://www.essc.psu.edu/
soil_info).  NOAM-SOIL will include multi-layer information for
soil textural class, rock fragment class, depth-to-bedrock,
bulk density, porosity, rock fragment volume, sand, silt, and
clay fractions, and available water capacity. A peer-review
panel representing Agri- and Agri-Food Canada, USDA,
USGS, and INEGI-Mexico are contributing data.  In this
poster, we present an initial version of the NOAM-SOIL
dataset.

BACKGROUND
Over the past several decades the climate and hydrology
modeling communities have developed increasingly sophis-
ticated parameterizations of the interaction between the
land surface and the atmosphere in so-called soil-vegeta-
tion-atmosphere transfer schemes (SVATS). A major require-
ment of these process descriptions is an understanding of
the surface and subsurface nature of the soil environment.
The soil controls the downward movement of water in the
subsurface and the amount of water available for evapo-
transpiration. Knowledge of soil physical and hydraulic prop-
erties is, therefore, a key element in correctly modeling land
surface atmosphere exchange processes. SVAT modelers,
recognizing the importance of soil and soil hydrology, have
explicitly incorporated these processes in their models.

Most of the physically-based soil hydrology models are
based on some form of Darcy’s law of water movement

which relates the flux of downward infiltrating water (q) mov-
ing proportionally to the forces of gravitation and the matric
potential (y):

(1)

where (z) is depth and (K) is the hydraulic conductivity.
Darcy’s equation can be combined with the equation for
continuity

(2)

where (q) is the volumetric soil-water content and (t) is time,
to fully account for the diffusion and gravitation components
of water movement. The result is formally known as the Rich-
ards equation:

(3)

which describes the flow of water in the unsaturated zone as
a function of soil water content and its vertical gradient.
Solution of Eq. (3) requires an understanding of the water
retention characteristic; the relationship between the water
content, (q), the matric potential, (y), and the hydraulic
conductivity, (K).

Laboratory and field methods for determining these soil
hydraulic properties are time consuming and expensive.
Pedo-transfer functions (PTF’s) have been developed to
derive hydraulic characteristics from data (e.g. soil texture,
particle-size distribution, bulk density, porosity) gathered in
the course of traditional soil surveys (Tietje and Tapkenhin-
richs,1992; Brooks and Corey, 1964; Campbell, 1974; Clapp
and Hornberger ,1978; van Genuchten ,1980; Arya and Paris
,1981; Kern, 1995b; Saxton et al., 1986; Rawls et al., 1991;
Vereecken et al., 1990).

Despite the implementation of soil hydrologic processes in
SVATS there has been a dearth of spatial information on soil
physical and hydraulic properties for regional climate and
hydrology applications. Webb et al. (1993) produced a glo-
bal data set of soil profile physical properties by combining
the Food and Agriculture Organization of the United
Nations/United Nations Educational, Scientific and Cultural
Organization (FAO/UNESCO) Soil Map of the World with the
World Soil Data File of Zobler (1986).  Kern (1995a) used the
United States Department of Agriculture Natural Resources
Conservation Service (USDA-NRCS) National Soil Geo-
graphic Database (NATSGO) or Major Land Resource Areas
(MLRA’s) as a geographic base and the 1992 National
Resources Inventory (NRI) and the associated Soil Interpreta-
tions Record (SIR) to estimate, for the continuous 48 United
States, geographic patterns of soil water-holding capacity.
Lathrop et al. (1995) reported the use of STATSGO available
water holding capacity data in a forest ecosystem model for
the northeast United States. Zheng et al. (1996) compared
available water capacity estimated from topography to
STATSGO data in Montana.

The development of CONUS-SOIL (Miller and White, 1998)
was an initial step in developing a practical soil information
product that could be easily applied in regional climate and
hydrology modeling applications. Its success and numerous

requests from the environmental modeling community, has
prompted us to develop a similar dataset that would include
Canada and Mexico, essentially a 1-km multi-layer soil char-
acteristics dataset for North America (NOAM-SOIL).

OBJECTIVES

1) Development of a 1-km Multi-Layer Soil Characteristics
Dataset for North America designed for use in regional scale
climate, hydrology, and environmental modeling applica-
tions.

2) Delivery of this dataset, including detailed descriptions of
our methods and complete documentation to the modeling
community via the World Wide Web.

METHOD

Data Resources

The development of a North American soils dataset entails
combining U.S., Canadian, and Mexican soil data resources
into a unified structure. This section briefly describes the
nature of these data sources.

U. S. State Soil Geographic Database (STATSGO)

The USDA-NRCS, through the National Cooperative Soil Sur-
vey (NCSS), develops soil geographic databases at three
scales: local, regional, and national. At the regional level,
the State Soil Geographic Data Base (STATSGO) was pub-
lished in 1994 for use in river basin, multi-county, multi-state,
and state resource planning. This database was created by
generalizing available soil-survey maps, including published
and unpublished detailed soil surveys, county general soil
maps, state general soil maps, state major land resource
area maps, and, where no soil survey information was avail-
able, Landsat imagery (Reybold and Teselle, 1989).

STATSGO consists of georeferenced digital map data and
associated digital tables of attribute data. The compiled soil
maps were created using the USGS 1-degree by 2-degree
topographic quadrangles (1:250,000 scale, Albers Equal
Area projection) as base maps which were then merged on
a state basis. Each state and the Commonwealth of Puerto
Rico has been mapped. The District of Columbia is included
with the data for Maryland. The full STATSGO database is
available from the NRCS on CD-ROM and is also available
online over the Internet (USDA, 1994).

Map units in STATSGO are comprised of phases of soil series
and their associated component percentages.  A soil series
is the lowest level in the U.S. system of taxonomy (Soil Survey
Staff, 1993) and the most homogeneous with regard to prop-
erties. A phase of a soil series is based on attributes and fac-
tors that affect soil management. Map unit composition was
derived from a statistical analysis of transects across detailed
soil survey maps. Percentages of the map unit components
were based on the length of the map units crossed. The total
number of transects was based on the size, number, and
complexity of the detailed soil map delineations. Details of
the exact procedures for determining map-unit composition
may be found in the STATSGO Data Users Guide (USDA,
1994).

Soil Landscapes of Canada (SLC)

The Canadian portion of NOAM-SOIL is derived from the
nationally merged Soil Landscapes of Canada (SLC) and
associated landscape components and appropriate Soil
Layer File records (Shields et al., 1991; Tarnocai et al., 1996).
The SLC as modified for development of the Soil Carbon
Data Base of Canada consists of 1:1,000,000 scale soil poly-
gons which may have 3 to 10 different soil landscape com-
ponents, each with an associated component percentage
based on the area occupied by each component within
the soil landscape map unit concept. SLC was prepared
from existing soil surveys in Canada, generalized by provin-
cial soil scientists to a common scale of 1:1,000,000.

Soil Layer File component attributes associated with SLC
polygons that are of value to NOAM-SOIL include: soil devel-
opment (Canadian Taxonomic classification), percent com-
position, vegetative cover/land use, parent material, coarse
(rock) fragment content, rooting depth, bulk density, texture
and drainage class.  NOAM-SOIL characteristics data calcu-
lations are made for appropriate Soil Layer File records.
These are then associated with appropriate SLC compo-
nents, weighted for component percentages and mapped
to individual SLC polygons.

Soil Map of Mexico

The Mexican portion of NOAM-SOIL is derived from the 1981
1:1,000,000 scale Soil Map of Mexico developed by Instituto
Nacional de Estadistica, Geografia e Informatica - INEGI
(INEGI, 1981). This map was digitized by USDA-NRCS and
EROS Data Center in 1993-1994. Attributes encoded and
associated with each soil map polygon include: primary,
secondary, and tertiary FAO/UNESCO soil group and percent
composition, surface texture class, physical phase, chemical
phase, and map symbol. Basic soil physical and chemical
attributes of approximately 1500 soil pedons (published with
the 1:250,000 scale Soil Map of Mexico and key-entered into
a digital relational data base by the USDA-NRCS National
Soil Survey Center (NSSC) in 1994 (Waltman et al., 1997).

Mexican pedon attributes include: pedon identifier, FAO-
UNESCO soil group, chemical phase, physical phase, horizon
designator, horizon depths, organic carbon, cation
exchange capacity, percent sand, silt, and clay, estimated
rock fragment content, pH, CaCO3, and derived (modeled)
bulk density. The dominant soil group physical property value
from the pedon database is then associated with the appro-
priate primary, secondary, and tertiary soil groups in the
1:1,000,000 Soil Map of Mexico using the FAO/UNESCO soil
group codes. These values are then weighted according to
the percent composition provided by the 1:1,000,000 Soil
Map of Mexico estimates in the development of the desired
NOAM-SOIL characteristics for Mexico.

Data Analysis and Processing

A major challenge in developing a soil dataset such as
NOAM-SOIL is the disparate nature of the component soil
survey products for each country.  Although somewhat simi-
lar in general data structure, the STATSGO, SLC, and Soil Map
of Mexico datasets were individually developed under differ-
ent circumstances and using different source materials and
technologies.  Our goal for the development of the data
structure and specifications for NOAM-SOIL is to ensure that
the final product contains the best possible combined infor-
mation from these primary sources while minimizing the
inherent limitations set by original development methods.

To meet this goal, we are determining the overall depth-of-
soil that can be reliably represented and the number of indi-
vidual soil layers that can be created from the combined
data. All work is conducted on the native vector formats of
the source dataset coverages and their associated
attributes (Figure 2).  Each targeted soil property listed in
Table 1. is processed individually with “joins” between
datasets made on a layer basis to ensure continuity at inter-
national boundaries. A complete North American grid map
coverage is created with individual vector coverages main-
tained for each country.  Additional gridded datasets for
each of the soil physical and hydraulic properties are subse-
quently created.

Figure 2.  Schematic diagram of the proposed NOAM-SOIL
dataset structure

Data Products

A key element in the success of any dataset development
project for modeling applications is the development of an
end-product that meets the users specific needs. Within the
climate and hydrology modeling community, a range of
spatial data handling tools and skills may be found. Some
modelers use GIS technology and prefer to work with the
vector data structure and perform their own grid and map
projection conversions. Others may prefer to work with a pre-
viously gridded map product imported into their GIS environ-
ment. Finally, many climate and hydrology modelers have
their own internal format conventions and would prefer to
ingest a simply formatted data set that can be read with
commonly available software or computer languages. To
meet the needs of the latter two groups, the  facilities of the
Arc/Info GIS software will be used to rasterize each of the
previously described soil physical and hydraulic properties
(Table 1) from the vector (polygon) map coverages to a 1-
km resolution grid. A summary of the available data formats
and map projections is provided in Table 2.

Table 1.  Soil physical and hydraulic properties to be
included in NOAM-SOIL

Table 2.  NOAM-SOIL Data Formats

WWW Interface

The World Wide Web (WWW) provides an ideal medium for
delivery of spatial data products as demonstrated with the
WWW server for CONUS-SOIL (http://www.essc.psu.edu/
soil_info/) which allows easy access to all elements of the
data set, including: all spatial and tabular data, documen-
tation, and cartographic products.  As similar approach will
be used to deliver the NOAM-SOIL products.

Peer Review Panel
As an extra measure to ensure the highest quality the
NOAM-SOIL data set is being reviewed and tested by a peer
review panel to assess appropriateness of method and
accessibility. The review panel is comprised of Drs. Hari Eswa-
ran and Norman Bliss representing USDA and the US Dept. of
Interior; Dr. Charles Tarnocai representing Agriculture and
Agri-Food Canada; and Dr. Francisco Orozco-Chavez repre-
senting Instituto Nacional de Estadistica, Geografia e Infor-
matica (INEGI). Drs. Tarnocai and Orozco-Chavez serve as
the author/contributors of the original source materials used
to develop the Canadian and Mexican portions of NOAM-
SOIL.

RESULTS

Figure 3.  Dominant soil surface texture for Alberta,
Saskatchewan, and Manitoba, Canada and the lower 48
United States  featuring the Mississippi River basin.

Year 1  1998-1999   Assemble data. Devise a consistent
approach for data reduction.

An example of Year 1 products is illustrated in Figure 3 for
portions of Canada and the lower 48 United States prepared

in cooperation with Dr. Charles Tarnocai and Barbara
Lacelle of Agri- and Agri-Foods Canada.

FUTURE WORK
Year 2  1999-2000 Continued data processing and refine-
ment. Complete and deliver first several data coverages.
Enhance existing WWW and database interface for access
and download of soils information.

Year 3  2000-2001 Complete data processing, consistency
and quality checks. Complete WWW interface for access
and delivery of NOAM-SOIL to the user community.
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Soil Physical and Hydraulic Properties

Soil Texture
Rock Fragment Class
Depth-to-Bedrock
Bulk Density
Porosity
Rock Fragment Volume
Sand, Silt, Clay Fractions
Available Water Capacity

Formats Lambert
Azimuthal

Albers
Equal Area

Latitude/
Longitude

Arc/Info Polygon * * *
Arc/Info Grid * * *
Binary Array Grid * * *
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